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spectrometry	 (HRMS)	 is	 increasingly	being	used	 for	 the	analysis	of	environmental	 samples.	One	 lauded	41	
benefit	of	HRMS	is	the	possibility	to	retrospectively	process	data	for	(previously	omitted)	compounds	that	42	
has	led	to	the	archiving	of	HRMS	data.	Archived	HRMS	data	affords	the	possibility	of	exploiting	historical	43	
data	 to	 rapidly	 and	 effectively	 establish	 the	 temporal	 and	 spatial	 occurrence	 of	 newly	 identified	44	
contaminants	 through	 retrospective	 suspect	 screening.	 We	 propose	 to	 establish	 a	 global	 emerging	45	
contaminant	early	warning	network	to	rapidly	assess	the	spatial	and	temporal	distribution	of	contaminants	46	
of	emerging	concern	in	environmental	samples	through	performing	retrospective	analysis	on	HRMS	data.	47	
The	 effectiveness	 of	 such	 a	 network	 is	 demonstrated	 through	 a	 pilot	 study,	 where	 eight	 reference	48	
laboratories	 with	 available	 archived	 HRMS	 data	 retrospectively	 screened	 data	 acquired	 from	 aqueous	49	
environmental	 samples	 collected	 in	 14	 countries	 on	 3	 different	 continents.	 The	 widespread	 spatial	50	
occurrence	of	several	surfactants	(e.g.	PEGs	and	C12AEO-PEGs),	transformation	products	of	selected	drugs	51	
(e.g.	gabapentin-lactam,	metoprolol-acid,	carbamazepine-10-hydroxy,	omeprazole-4-hydroxy-sulphide,	2-52	
benzothiazole-sulfonic-acid),	 and	 industrial	 chemicals	 (3-nitrobenzenesulfonate	 and	 bisphenol-S)	 was	53	
revealed.	 Obtaining	 identifications	 of	 increased	 reliability	 through	 retrospective	 suspect	 screening	 is	54	





of	 the	 role	 of	 chemical	 exposure	 in	 human	 and	 environmental	 systems.1,2	 Our	 ‘chemosphere’	 is	60	
continuously	changing	and	most	chemicals	that	are	indexed	in	the	Chemical	Abstract	Service	(CAS)	are	not	61	
characterized	with	 respect	 to	 their	 potential	 effects	on	human	 safety	 and	environmental	 health.3	Non-62	
target	analysis	employing	high-resolution	mass	spectrometers	has	been	established	over	the	past	years	as	63	
one	of	the	key	approaches	for	tackling	this	complexity.	High	resolution	and	accurate	hybrid	tandem	mass	64	








revealed	 that	non-target	 techniques	are	 in	general	 substantially	harmonized	between	practitioners	and	73	
that	although	data	processing	can	be	time	consuming	and	remains	a	major	bottleneck,	suspect	screening	74	
approaches	are	 very	popular.	However	 it	 recognized	 that	 “better	 integration	and	 connection	of	desired	75	
features	 into	software	packages,	 the	exchange	of	 target	and	suspect	 lists,	and	the	contribution	of	more	76	
spectra	from	standard	substances	 into	(openly	accessible)	database”	are	necessary	for	the	technique	to	77	
reach	maturity.4	 The	 archiving	 of	 HRMS	 data	 also	 allows	 for	 data	 to	 be	 processed	 retrospectively,	 for	78	
example	 to	 investigate	 the	 occurrence	 of	 a	 newly	 identified	 compound	 or	 simply	 one	 that	 was	 not	79	
considered	at	the	time	of	analysis.8	This	possibility	has	led	to	researchers	working	in	this	field	to	digitally	80	
archive	 data	 in	 preparation	 for	 future	 retrospective	 analysis	 and	 has	 even	 led	 to	 proposals	 for	 the	81	
establishment	of	data	 repositories,	akin	 to	environmental	data	banks,	where	digital	 information	can	be	82	
safely	stored	for	future	retrospective	analysis. 83	
Non-target	HRMS	full	scan	data	allows	the	potential	for	rapid	and	cost-effective	screening	of	the	occurrence	84	
of	 newly	 identified	 contaminants	 in	 previously	 archived	HRMS	 data;	 often	 referred	 to	 as	 retrospective	85	
analysis.	Typically,	it	refers	to	the	application	of	suspect	screening	workflows	to	archived	data	as	reference	86	







of	 a	 new	 contaminant(s)	 being	 reported	 in	 the	 scientific	 literature	 and	 individual	 research	 groups	94	
subsequently	validating	targeted	methods	and	reporting	their	own	data.	In	order	to	test	this	hypothesis,	a	95	
pilot	 study	was	performed	where	eight	 reference	 laboratories	with	available	archived	HRMS	data	were	96	










spectrometric	 method	 (acquisition	 mode	 and	 calibration	 method)	 are	 presented	 in	 the	 “Sample	107	











wastewater	 treatment	 plant	 (WWTP)	 in	Athens	 (Greece)17	 as	well	 as	 one	 seawater	 sample	 affected	 by	119	
treated	 wastewater18	 were	 also	 evaluated.	 Finally,	 two	 drinking	 water	 samples	 from	 Ridderkerk	 and	120	
Lekkerkerk	in	The	Netherlands	were	included	in	the	study.	All	the	participants	were	asked	to	provide	only	121	




in	 the	 SI,	 on	 the	 NORMAN	 Suspect	 Exchange	 and	 in	 the	 CompTox	 Chemistry	 Dashboard).	 No	 specific	126	
method	(i.e.	chromatographic,	ion	source,	and	polarity)	was	recommended	to	the	participants.		This	was	in	127	
order	 to	 test	 the	applicability	of	 this	approach	 for	 the	data	generated	via	different	methods.	For	 these	128	
analyses,	a	wide	range	of	mass	analyzers	as	well	as	chromatographic	conditions	was	employed	by	different	129	






The	 final	 chemical	 screening	 suspect	 list	 consisted	 of	 156	 analytes	 including:	 74	 surfactants	 i.e.	 PEGs,	136	
C12AEO-PEGs,	glycol	ether	sulfates	(GES),	linear	alkylbenzyl	sulfonates	(LAS),	sulfophenyl	alkyl	carboxylic	137	
acids	 (SPACs),	 and	 fluorosurfactants	 (PFAS,	 from	 several	 classes);	 54	 pharmaceuticals	 and	 their	138	
transformation	products	(e.g.	carbamazepine,	carbamazepine-10-hydroxy,	diltiazem,	diltiazem-desacetyl,	139	
and	 diltiazem-N-desmethyl);	 17	 bisphenols;	 and	 finally	 11	 industrial	 chemicals.	 We	 considered	 the	140	




sheet	 and	 are	 available	 online	 on	 the	 NORMAN	 Suspect	 Exchange	 and	 in	 the	 CompTox	 Chemistry	145	
Dashboard.	The	list	was	formed	from	compounds	suggested	by	participants	and	typically	 included	novel	146	
emerging	 substances	 with	 limited	 environmental	 occurrence	 as	 well	 as	 established	 widely	 occurring	147	







NormaNEWs	 suspect	 list	 is	 to	 provide	 a	 dynamic	 list	 of	 potential	 environmentally	 relevant	 and	 novel	155	
chemicals,	which	is	enriched	using	expert	knowledge	and	non-target	analysis	results	as	new	data	become	156	
available.	 The	 list	 is	 available	 at	 the	 NORMAN	 Suspect	 List	 Exchange	 (http://www.norman-157	









which	 are	 readable	 from	 various	 data	 analysis	 software	 including	 Bruker	 DataAnalysis	 v.4.3.	 (Bruker	167	
Daltonics,	Bremen,	Germany),	which	was	used	here.		168	















The	 mass	 accuracy	 quality	 control	 is	 summarized	 in	 the	 SI	 “QC_mass	 accuracy_ppm/	 QC_mass	184	
accuracy_Da”	sheet	and	the	results	presented	in	Figure	1.	According	to	the	submitted	datasets,	Orbitrap	185	
mass	 analyzers	 showed	 better	 mass	 accuracy	 performance	 (absolute	 average	 mass	 error	 0.55	 mDa)	186	





showed	 lower	mass	 accuracy	 in	 comparison	with	 the	QExactive.	We	 further	 investigated	 the	 effect	 of	192	
instrumentation	used	on	the	observed	mass	accuracies	through	a	non-parametric	statistical	test		Kruskal-193	
Wallis.	23A	Kruskal-Wallis	p	value	>	0.01	indicated	the	rejection	of	null-hypothesis	and	statistical	significance	194	
of	 the	 observed	 differences	 in	 the	 measured	 averaged	 masses.	 The	 method	 used	 to	 calibrate	 each	195	
instrument	was	also	considered.	LC-HRMS	data	obtained	using	a	Bruker	QTOF	were	calibrated	by	injecting	196	
















submitted	 datasets	 indicated	 the	 high	 quality	 and	 reliability	 of	 the	 LC	 separation	 of	 the	 participating	213	
laboratories.		214	
The	third	QC	criterion	related	to	the	presence	of	qualifier	ions	(QI)	in	the	MS/MS	spectra	(SI	“NormaNEWS	215	
















and	 600	 Da	 compared	 to	 both	 smaller	 and	 larger	 molecules	 from	 the	 same	 families	 (Figure	 S2.A).	232	
Schymanski	et	al	and	Gago-Ferrero	et	al.	have	previously	observed	a	similar	trend	for	these	surfactants.14,	233	
24	 	The	observed	 trend	may	be	explained	by	 the	efficient	 ionization	of	mid-size	molecules	compared	 to	234	
other	compounds	and	potentially	the	fact	that	they	are	used	as	technical	mixtures.25	LAS	had	an	average	235	
frequency	of	detection	of	around	50%.	The	 largest	measured	LAS,	 in	terms	of	mass	(i.e.	C14-LAS),	were	236	
detected	 in	only	4	 samples	out	of	48	 samples.	Based	on	 the	estimated	 retention	 time	 for	 LAS-C14,	we	237	
interpret	 that	 the	 chromatographic	 run	 times	 used	 by	 different	 partners	 were	 not	 sufficiently	 long	 to	238	
successfully	 detect	 this	 suspect	 analyte	 in	 the	 evaluated	 samples.	 Only	 3	 of	 the	 5	 suspect	 fluorinated	239	
surfactants	were	detected	with	perfluorooctane	sulfonate	(PFOS)	having	the	highest	detection	frequency	240	
of	 ~	 35%.	 For	 industrial	 chemicals	 and	 pharmaceuticals,	 venlafaxine	 was	 the	 suspect	 analyte	 with	 the	241	
highest	frequency	of	detection	(68%),	while	several	bisphenols	were	not	detected	in	any	of	the	samples.	242	
Additionally,	we	 observed	 a	 higher	 occurrence	 frequency	 of	 the	 suspect	 analytes	 in	 the	 locations	with	243	
higher	 population	 density	 such	 as	 Spain,	 Switzerland,	 and	 Greece	 compared	 to	 locations	 such	 as	244	





The	 presence	 of	 a	 large	 number	 of	 successfully	 detected	 surfactants	 and	 industrial	 chemicals	 in	 both	250	
wastewater	influents,	effluents,	and	surface	waters	suggests	the	wide	spread	occurrence	of	these	CECs	in	251	
the	environment	across	the	globe,	Figure	2.	Although	modern	wastewater	treatment	plants	are	to	some	252	
extent	 equipped	 to	 remove	 these	 pollutants26-29,	 the	 high	 production/consumption	 volumes	 of	 these	253	
chemicals	used	in	households	and	industrial	applications	translates	into	their	release	into	the	environment.	254	
The	environmental	occurrence,	fate	and	behavior	of	surfactants	have	been	widely	investigated,	however	255	
more	 reliable	 environmental	 data	 for	 these	 pollutants	 are	 necessary.30-32	 Collective	 exercises	 such	 as	256	
NormaNEWS	are	therefore	an	 important	step	forward	towards	producing	a	comprehensive	and	reliable	257	
database	on	 the	environmental	occurrence	of	 surfactants	and/or	other	 chemicals	of	emerging	 concern	258	
(CEC),	which	can	be	used	for	better	understanding	of	their	environmental	fate	and	behavior.	Furthermore,	259	
this	 exercise,	 through	 the	 provided	 QC	 criteria,	 metadata	 template	 (i.e.	 	 SI	 spreadsheet),	 provides	 all	260	




several	 challenges.	 Here,	 recommendations	 for	 dealing	 with	 difficulties	 such	 as	 broad	 peaks,	 data	265	
acquisition,	and	sensitivity	are	provided	in	the	following.		266	
The	presence	of	broad	peaks	in	the	chromatograms	of	complex	samples	is	often	caused	by	the	physico-	267	
chemical	 properties	 of	 that	 compound	 and	 the	 selected	 chromatographic	 method	 is	 unavoidable.	 For	268	










case	 the	 peak	 of	 an	 environmentally	 relevant	 compound	 is	 not	 one	 of	 those	most	 abundant	 ions,	 the	279	
MS/MS	spectra	of	this	chemical	would	not	be	recorded	(Figure	3B).	Therefore,	confident	identification	of	280	
that	peak	would	not	be	possible.	As	a	solution,	it	is	highly	recommended	that	samples	are	injected	in	data-281	
independent	acquisition	mode	which	 is	 the	 ideal	acquisition	mode	 for	 retrospective	 screening.	 In	data-282	














on	 the	 frequency	with	which	 they	acquire	 full	 scans.35	This	means	 that	 low	abundant	or	poorly	 ionized	297	
chemicals	 are	 not	 detected	 in	 case	 HRMS	 instrument	 records	 full	 scans	 at	 a	 high	 frequency	 rate.	 For	298	
example,	 recording	 full-scans	 at	 low	 frequency	 (2	Hz)	will	 enable	 the	detection	of	more	 compounds	 in	299	




































NormaNEWS	 enables	 the	 efficient	 and	 reliable	 detection	 and	 identification	 of	 novel	 CECs	 in	 different	336	
environmental	compartments	at	both	a	temporal	and	spatial	scale.	Consequently,	a	reasonably	large	and	337	
diverse	dataset	on	the	environmental	occurrence	of	novel	CECs	in	different	matrices	has	been	generated	338	






is	 provided,	 the	 inherent	 reliability	 of	 each	 identification	 becomes	more	 intuitive	 to	 non-experts.	 The	345	
purpose	 of	 this	 network	 activity	 would	 not	 be	 to	 replace	 ongoing	 targeted	 monitoring	 and	 screening	346	
programs,	 but	 to	 provide	 a	 robust	 and	 comprehensive	 complementary	 collaborative	 approach	 for	347	
informing	the	refinement	of	priority	substance	lists.	This	also	shows	the	great	potential	for	screening	much	348	
larger	 lists	 in	 the	 future,	although	 the	manual	verification	of	 the	 results	 is	 still	a	demanding	 task.	More	349	
computationally	efficient	methods	will	be	needed	before	this	can	be	expanded	to	potentially	lists	of	tens	350	
of	thousands	of	substances.	351	
The	 NormaNEWS	 pilot	 was	 performed	 using	 a	 very	 simple	 approach	 where	 all	 participants	 manually	352	




be	 instrumental	 in	 defining	 the	 evolution	 of	 suspect	 screening.	 The	 community-wide	 sharing	 of	 CECs	357	
through	the	exchange	of	suspect	lists	(e.g.	the	NORMAN	Suspect	Exchange	and	the	Chemistry	Dashboard	358	
lists)	 as	 well	 as	 tentatively	 and	 unequivocally	 identified	 spectra	 and	 sharing	 the	 related	 fragments	 is	359	












our	 proposal	 a	 reality,	 however	 progress	 is	 being	made	 in	 this	 area33,	 34,	 48,	 49.	 For	 example,	within	 the	372	









the	monitoring	 of	 emerging	 environmental	 substances	 facilitated	 this	 work	 under	 its	 Joint	 Program	 of	382	
Activities	 (http://www.norman-network.net)	 and	 is	 greatly	 appreciated.	 We	 are	 especially	 grateful	 to	383	
Antony	J.	Williams	(US	EPA,	CompTox	Chemistry	Dashboard)	for	integrating	the	NormaNEWS	Suspect	List,	384	
other	NORMAN	lists	and	the	fragment	data	into	the	Dashboard,	as	well	as	for	all	his	efforts	in	cross-linking	385	
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 Figure 1. Quality control of mass accuracy of the submitted datasets based on the identified 
compounds. Type of mass analyzer, calibration type of the mass analyzer as well as other factors 




Figure 2. Heat map showing the occurrence of the selected substances in the retrospectively screened 
samples (primary sludge from WWTP of Athens, Greece, effluent wastewater samples from Australia, 
Iceland, Spain, Denmark, Sweden, Finland, Norway, Greece and Switzerland) and influent wastewater 
samples (Australia, Mexico, Greece) for positive and negative ionization. Successfully identified 
compounds are marked in yellow. 
 Figure 3. Challenges faced during evaluation of the results; A. Broad peaks of Linear alkylbenzene 
sulphonate (LAS) surfactants makes peak-picking challenging, B. Missing fragmentation information 
(MS/MS) of compound of interest decreases identification confidence, because data-dependent acquisition 
is capable to capture MS/MS only for preselected or few most abundant spectral peaks per scan (marked 
with red rhombus). Peaks are mass accuracy and isotopic profile consistent but not abundant enough so 
that MS/MS spectra have not been acquired (case of Quetiapine-N-desalkyl), C. Saturation of detector 
deteriorates mass accuracy, affects peak-picking and causes quantification mistakes when quantification 
is done by maximum intensity and not by peak area (case of PEG-05), D. Bisphenol S isomers cannot be 
distinguished, because in both cases qualifier fragment ions (m/z 108.0217 and 155.9886) are present in 






































in	 the	 supplementary	 spreadsheet.	 The	 spreadsheet	 consists	 of	 5	 tabs;	 “Sample	 information”,	





In	NormaNEWS	compounds	 tab	are	 the	 investigated	substances	 (full	name,	short	name	and	molecular	
formula),	chemical	identifiers	(CAS,	SMILES,	InChi	and	InChIKey),	preferable	ionization	type	for	detection	
of	 the	 compounds,	 fragments	 qualifying	 the	 identity	 of	 the	 compounds	 and	 predicted	 LogP	 (source:	
ACD/Labs)	and	logKow	(source:	EPI	Suite)		
Max.	Absolute	Intensity_counts	tab	contains	all	the	identifications.	Compounds	are	represented	as	rows	
while	samples	are	represented	as	columns.	 If	 the	chemical	was	detected	 in	the	sample,	 the	maximum	
intensity	 value	 is	 marked	 otherwise	 is	 marked	 as	 N.D.	 (standing	 for	 Not	 Detected).	 If	 no	 data	 were	
available	to	evaluate	the	presence	or	absence	of	the	compound	(e.g.	no	data	are	available	for	negative	



















effluent	 wastewater,	 drinking	 water,	 ground	 water	 from	 the	 Netherlands	 and	 Spain	 and	 river	 water	 from	 Switzerland,	 the	
Netherlands,	Danube	 river	water	 from	Romanian-Bulgarian	borders)	 for	positive	and	negative	 ionization.	 Successfully	 identified	
compounds	are	marked	in	yellow.	
	
	
	
	
	
	
Scripts	for	QA/QC	
#	Script	by	Nikiforos	Alygizakis,	University	of	Athens,	01/12/2016	
#	Load	the	functions	part	
	
file<-"F:/Black	Sea/SEAWATER_POS/S7_BlackSea.mzXML"	
	
mzxml<-read.mzXML(file)	
information<-getinfo(mzxml)	
	
#Case	of	data-independent	
lowcollision<-4	
highcollision<-25	
ms1<-removescans(mzxml,scansORtime=information$scan[as.numeric(information$CE)==highcollision]	
,time=F)	
mse<-removescans(mzxml,scansORtime=information$scan[as.numeric(information$CE)==lowcollision]	
,time=F)	
	
write.mzXML(ms1,paste("MS1",strsplit(file,"/")[[1]][length(strsplit(file,"/")[[1]])]))	
write.mzXML(mse,paste("MS2",strsplit(file,"/")[[1]][length(strsplit(file,"/")[[1]])]))	
	
	
#Case	of	data-dependent	
file_data_dependent<-"F:/Black	Sea/SEAWATER_POS/S7_BlackSea_DataDependent5precursors.mzXML"	
	
mzxml<-read.mzXML(file_data_dependent)	
mzxml_no_MSn<-removeMSn(mzxml)	
write.mzXML(mzxml_no_MSn,paste("MS1",strsplit(file_data_dependent,"/")[[1]][length(strsplit(file_dat
a_dependent,"/")[[1]])]))	
	
##Functions	
#'@title	This	function	reads	mzXML	files	
#'	
#'@description	Reads	a	mzXML	file	and	returns	a	mzXML	list	object	in	the	global	environment.	
#'	
#'@usage	read.mzXML(filename)	
#'@param	filename	The	directory	in	the	hard	drive	that	the	mzXML	files	is	stored.	
#'	
#'@details	This	functions	reads	a	mzXML	file	and	stores	it	as	a	list	in	the	variables	global	environment.	
#'	
#'@return		
#'Returns	a	list	object,	which	contains	the	following	elements;	
#'\item{header}{Stores	header	of	<mzXML>	section	containing	information	about	namespace	and	
schema	file	location.}	
#'\item{parentFile}{Path	to	all	the	ancestor	files.	Stored	as	XML.}	
#'\item{dataProcessing}{Description	of	any	data	manipulation.	Stored	as	XML.}	
#'\item{msInstrument}{General	information	about	the	MS	instrument.	Stored	as	XML.}	
#'\item{scan}{List	of	Mass	Spectra	scans.	Each	element	of	the	list	contain	the	following	elements;}	
#'\item{peaks}{	peak	intensities	of	the	scan}	
#'\item{mass}{	masses	(m/z)	corresponding	to	\code{peaks}.	Vectors	\code{mass}	and	\code{peaks}	
have	the	same	length.}	
#'\item{num}{	scan	number}	
#'\item{parentNum}{	scan	number	of	parent	scan	in	case	of	recursively	stored	scans	(\code{msLevel>1})}	
#'\item{msLevel}{	Level	1	means	MS1,	while	level	2	means	MS2,	etc.}	
#'\item{scanAttr}{	Other	useful	information,	such	as	retention	time,	polarity,	collision	energy,	total	ion	
current}	
#'\item{maldi}{	acquisition	dependent	properties	of	a	MALDI	experiment	(optional)}	
#'\item{scanOrigin}{	name	of	parent	file}	
#'\item{precursorMz}{	information	about	the	precursor	ion}	
#'\item{nameValue}{	properties	of	the	scan	not	included	elsewhere}	
#'	
#'@author	
#'Codes	maintained	by	Nikiforos	Alygizakis	<nalygizakis@chem.uoa.gr>	
#'	
#'@examples		
#'#Donot	run	
#'library("peakTrams")	
#'sample<-read.mzXML(filename=c:\R_working_directory\sample.mzXML)	
#'	
#'	@references		
#'Definition	of	\code{mzXML}	format:	
#'\url{http://tools.proteomecenter.org/mzXMLschema.php}	
#'	@references		
#'Documentation	of	\code{mzXML}	format:	
#'\url{http://sashimi.sourceforge.net/schema_revision/mzXML_2.1/Doc/mzXML_2.1_tutorial.pdf}	
#'	@references		
#'More	Documentation	of	\code{mzXML}	format:	
#'		\url{http://sashimi.sourceforge.net/software_glossolalia.html}	
#'	
#'@export		
read.mzXML<-function(filename)	
{	
		Paste	=	function(...)	paste(...,	sep="",	collapse="")	
			
		strtrunc	=	function(Str,Sub)	{	
				lp	=	attr(regexpr(paste(".*",Sub,sep=""),Str),'match.length')	
				return(	substring(Str,	1,	lp)	)	
				#y	=	unlist(strsplit(Str,Sub))	#	other	way	of	doing	it	
				#return(	paste(y[-length(y)],	sub,		sep="",	collapse="")	)	
		}	
			
		fregexpr	=	function(pattern,	filename)	
		{	#	similar	to	gregexpr	but	operating	on	files	not	strings	
				buf.size=1024	
				n		=	file.info(filename)$size	
				pos	=	NULL	
				fp	=	file(filename,	"rb")	
				for	(d	in	seq(1,n,by=buf.size))	{	
						m	=	if	(n-d>buf.size)	buf.size	else	n-d	
						p	=	gregexpr(pattern,	readChar(fp,	m))[[1]]	
						if(p[1]>0)	pos=c(pos,	p+d-1)	
				}	
				close(fp)	
				if	(is.null(pos))	pos=-1	
				return	(pos)	
		}	
			
			
		new.mzXML	=	function(){	
				object	=	list(	
						header									=	NULL,	#	required	-	list				-	Path	to	all	the	ancestor	files	(up	to	the	native	acquisition	file)	
used	to	generate	the	current	XML	instance	document.	
						parentFile					=	NULL,	#	required	-	list				-	Path	to	all	the	ancestor	files	(up	to	the	native	acquisition	file)	
used	to	generate	the	current	XML	instance	document.	
						dataProcessing	=	NULL,	#	required	-	list				-	Description	of	any	manipulation	(from	the	first	conversion	
to	mzXML	format	until	the	creation	of	the	current	mzXML	instance	document)	applied	to	the	data.	
						msInstrument			=	NULL,	#	optional	-	element	-	General	information	about	the	MS	instrument.	
						separation					=	NULL,	#	optional	-	element	-	Information	about	the	separation	technique,	if	any,	used	
right	before	the	acquisition.	
						spotting							=	NULL,	#	optional	-	element	-	Acquisition	independent	properties	of	a	MALDI	
experiment.	
						scan											=	vector(mode="list")	
				)	
				class(object)	<-	"mzXML"	
				return(object)	
		}	
		#-------------------------------	
		#	define	XML	handler	function	
		#-------------------------------	
		mzXMLhandlers	<-	function()	
		{	
				#---------------------------------------------------------	
				#	local	variables	
				#---------------------------------------------------------	
				obj						=	new.mzXML()	#	create	new	mzXML	object	
				iScan				=	0	
				ParentID	=	vector(mode="integer")	
				sha1					=	vector(mode="list",	length=2)	#	optional	-	element	-	sha-1	sums	
				sha1[1]	<-	sha1[2]	<-	0	
				#	Optional	attributes	that	might	come	with	a	scan	that	will	be	stored	
				OptScanAttr	=	c("polarity",	"scanType",	"centroided",	"deisotoped",		
																				"chargeDeconvoluted",	"retentionTime",	"ionisationEnergy",		
																				"collisionEnergy",	"cidGasPressure",	"totIonCurrent")		
					
				#-------------------------------	
				#	local	functions	
				#-------------------------------	
				ToString	=	function(x,	indent	=	1)	
				{	#	converts	content	of	a	node	to	a	string	
						if	(is.null(x))	return(NULL);	
						spaces	=	if	(indent>0)	Paste(rep("		",	indent))	else	""	
						Name	=	xmlName(x,	TRUE)	
						val		=	xmlValue(x)	
						if	(Name=="text")	return(	Paste(spaces,	val,	"\n")	)	
						if	(!is.null(xmlAttrs(x)))	{	
								att	=	paste(names(xmlAttrs(x)),	paste("\"",	xmlAttrs(x),	
																																														"\"",	sep	=	""),	sep	=	"=",	collapse	=	"	")	
								att	=	paste("	",	att,	sep="")	
						}	else	att	=	""	
						chl	=	""	
						for	(i	in	xmlChildren(x))	chl	=	Paste(chl,	ToString(i,	indent+1))	
						if	(chl=="")	Str	=	Paste(spaces,	"<"	,	Name,	att,	"/>\n")	
						else	Str	=	Paste(spaces,	"<"	,	Name,	att,	">\n",	chl,	spaces,	"</",	Name,	">\n")	
						return(Str)	
				}	
					
				CatNodes	=	function(x,Name,	indent	=	2)	
				{	#	concatinate	strings	of	several	nodes	
						Str=NULL	
						for	(y	in	xmlElementsByTagName(x,	Name))	
								Str	=	paste(Str,	ToString(y,indent),	sep="")	
						return(Str)	
				}	
					
				read.mzXML.scan	=	function(x)	
				{	#	process	scan	section	of	mzXML	file	
						if	(is.null(x))	return(NULL)	
						if	(xmlName(x)	!=	"scan")	return(NULL)	
						scanOrigin	<-	precursorMz	<-	nameValue	<-	maldi	<-	mass	<-	peaks	<-	NULL	
						att									=	xmlAttrs(x)	
						num									=	as.integer(att["num"])	
						msLevel					=	as.integer(att["msLevel"])	
						peaksCount		=	as.integer(att["peaksCount"])	#	Total	number	of	m/z-intensity	pairs	in	the	scan													
						msk									=	names(att)	%in%	OptScanAttr	
						if	(sum(msk)==0)	scanAttr	=	""	
						else	{	
								scanAttr	=	paste(	names(att[msk]),	paste("\"",	att[msk],	
																																																	"\"",	sep	=	""),	sep	=	"=",	collapse	=	"	")	
								scanAttr	=	paste("	",	scanAttr,	sep="")	
						}	
						maldi							=	ToString(x[["maldi"]])	
						scanOrigin		=	CatNodes(x,	"scanOrigin",	3)	
						nameValue			=	CatNodes(x,	"nameValue",	3)	
						precursorMz	=	CatNodes(x,	"precursorMz",	3)	
						precursorMz	=	gsub("\n						"	,	"	"	,	precursorMz)	
						for	(y	in	xmlElementsByTagName(x,	"scan"))	
								ParentID[as.integer(xmlAttrs(y)["num"])]	<<-	num	
						y											=	x[["peaks"]]	
						att									=	xmlAttrs(y)	
						peaks							=	xmlValue(y)	#	This	is	the	actual	data	encoded	using	base64	
						precision			=	att["precision"]	#	nr	of	bits	used	by	each	component	(32	or	64)	
						byteOrder			=	att["byteOrder"]	#	Byte	order	of	the	encoded	binary	information	(must	be	network)	
						pairOrder			=	att["pairOrder"]	#	Order	of	the	m/z	intensity	pairs	(must	be	m/z-int	
						endian						=	if(byteOrder=="network")	"big"	else	"little"	
						if(precision=="32")	size=4	
						else	if(precision=="64")	size=8	
						else	stop("read.mzXML.scan:	incorrect	precision	attribute	of	peaks	field")	
						#if	(pairOrder!="m/z-int")	
						#warning("read.mzXML.scan:	incorrect	pairOrder	attribute	of	peaks	field")	
						if	(peaksCount>0)	{	
								p	=	base64decode(peaks,	"double",	endian=endian,	size=size)	
								np	=	length(p)	%/%	2	
								if	(np	!=	peaksCount)	
										warning("read.mzXML.scan:	incorrect	'peakCount'	attribute	of	'peaks'	field:	expected	",	
																		peaksCount,	",	found	",	np,	"		",(3*((nchar(peaks)*size)/4))/2,	"	(scan	#",num,")")	
								dim(p)=c(2,	np)	
								mass	=p[1,]	
								peaks=p[2,]	
						}	
						#x$children=NULL;	#	needed	to	capture	the	header	
						#header	<<-	toString(x)	
						return(	list(mass=mass,	peaks=peaks,	num=num,	parentNum=num,	
																			msLevel=msLevel,	scanAttr=scanAttr,	maldi=maldi,	
																			scanOrigin=scanOrigin,	precursorMz=precursorMz,	nameValue=nameValue)	)	
				}	
					
				#---------------------------------------------------------	
				#	the	instructions	how	to	parse	each	section	of	mzXML	file	
				#---------------------------------------------------------	
				list(	
						mzXML		=	function(x,	...)	{	
								y	=	x[["sha1"]]	
								sha1[1]				<<-	if	(!is.null(y))	xmlValue(y)	else	0	
								x$children	=		NULL	
								obj$header	<<-	toString(x,terminate=FALSE)	
								NULL	
						},	
							
						msRun	=	function(x,	...)	{	
								y	=	x[["sha1"]]	
								sha1[2]												<<-	if	(!is.null(y))	xmlValue(y)	else	0	
								obj$msInstrument			<<-	ToString(x[["msInstrument"]],2)	
								obj$separation					<<-	ToString(x[["separation"]],2)	
								obj$spotting							<<-	ToString(x[["spotting"]],2)	
								obj$parentFile					<<-	CatNodes(x,"parentFile")	
								obj$dataProcessing	<<-	CatNodes(x,"dataProcessing")	
								NULL	
						},	
							
						scan		=	function(x,	...)	{	
								iScan	<<-	iScan+1	
								obj$scan[[iScan]]	<<-	read.mzXML.scan(x)	
								x$children=NULL	
								x	
						},	
							
						data	=	function()	{	
								if	(is.null(obj$header))	NULL	
								else	list(mzXML=obj,	ParentID=ParentID,	sha1=sha1)	
						}	
				)	#end	of	list	of	handler	functions	
		}	#	done	with	local	functions	
			
		#---------------------------------	
		#	begining	of	read.mzXML	function	
		#---------------------------------	
		library(XML)	
		library(digest)	
		library(caTools)	
		if	(!is.character(filename))	stop("read.mzXML:	'filename'	has	to	be	a	string")	
		if	(length(filename)>1)	filename	=	paste(filename,	collapse	=	"")		#	combine	characters	into	a	string	
			
		sha1File	=	digest(filename,	algo="sha1",	file=TRUE)	
		x	=	xmlTreeParse(file=filename,	handlers=mzXMLhandlers(),	
																			addAttributeNamespaces=TRUE)	$	data()	
		if	(is.null(x))	#	is	this	file	a	mzXML	file	?	
				stop("read.mzXML:	This	is	not	mzXML	file");	
		mzXML				=	x$mzXML	
		sha1Read	=	x$sha1	
			
		#	sort	scans	into	correct	order;	find	parent	numbers	of	recursive	nodes	
		n	=	length(mzXML$scan)	
		NumID	=	integer(n)	
		for	(i	in	1:n)	{	
				NumID[i]	=	mzXML$scan[[i]]$num	
				mzXML$scan[[i]]$scanOrigin	=	paste("<scanOrigin	parentFileID='",sha1File,	
																																							"'	num='",NumID[i],"'/>\n",	sep="");	
		}	
			
		i<-1	
		rt<-c()	
		for(i	in	1:length(mzXML$scan)){	
		rt[i]<-as.numeric(strsplit(strsplit(strsplit(mzXML$scan[[i]]$scanAttr,	
"retentionTime=[\"]PT")[[1]][2],"[\"]")[[1]][1],"S")[[1]][1])	
		}	
			
		mzXML$scan	=	mzXML$scan[	order(rt)	]	
		for	(i	in	1:n)	
				if(!is.na(x$ParentID[i]))	mzXML$scan[[i]]$parentNum	=	x$ParentID[i]	
		else	x$ParentID[i]	=	mzXML$scan[[i]]$parentNum	
#		mzXML$scan	=	mzXML$scan[	order(x$ParentID)	]	
			
		##	read	sha1	section	
		n	=	sum(as.integer(lapply(sha1Read,	is.character)))	#	how	many	sha1	were	found	
		if(	n>0	)	{	
				##	sha1	-	sha-1	sum	for	this	file	(from	the	beginning	of	the	file	up	to	
				##	(and	including)	the	opening	tag	of	sha1	
				if	(is.null(sha1Read[[1]]))	sha1Read[[1]]=sha1Read[[2]]	
				sha1Pos	=	fregexpr("<sha1>",	filename)	+	6	#	6	=	length("<sha1>")	
				for(i	in	n)	{	#	multiple	sha1	sections	are	possible	
						sha1Calc	=	digest(filename,	algo="sha1",	file=TRUE,	length=sha1Pos[i]-1)	
						if	(sha1Read[[i]]!=sha1Calc)	
								warning("Stored	and	calculated	Sha-1	sums	do	not	match	(stored	'",	
																sha1Read[[i]],"';	calculated	'",	sha1Calc,"')")	
				}	
		}	
			
		#	strip	mzXML	terminator	from	header	section	
		mzXML$header	=	gsub("/>",	">\n",	mzXML$header)	
		mzXML$header	=	gsub("^	+",	"",	mzXML$header)	
		#	Remove	incorrect	"-quotes	inserted	in	2.10.0	
		mzXML$header	=	gsub("[\u0093\u0094\u201C\u201D]",	'"',	mzXML$header)	
		#	add	info	about	parent	file	(the	file	we	just	read)	
#		mzXML$parentFile	=	Paste(mzXML$parentFile,	"				<parentFile	filename='file://",	
#																											filename,	"'	fileType='processedData'	fileSha1='",	sha1File,	"'/>\n")	
		return(	mzXML	)	
}	
	
#'Gets	retention	time	and	number	of	peaks	of	full	scans	of	a	mzXML	list	
#'	
#'Takes	in	a	raw	sample	and	returns	a	data	frame	with	retention	time	of	each	full	scan	
#'@param	sample	mzXML	list	created	from	read.mzXML	function	
#'@return	A	data	frame	with	number	of	scan,	with	retention	time	of	each	full	scan,	mslevel,	number	of	
spectral	peaks	and	in	case	
#'of	MS/MS	full	scan	precursor	mass	and	precurson	intensity.	
#'	
#'@examples	
#'sample_mzXML<-
read.mzXML(list.files(paste(find.package(package="peakTrams"),"data",sep="/"),pattern	=	".mzXML",	
full.names	=	TRUE))	
#'getrt(sample=sample_mzXML)	
#'	
#'@author	Nikiforos	Alygizakis	<nalygizakis@chem.uoa.gr>	
#'	
#'@export	
getinfo<-function(sample){	
		numscan<-sample$scan[[1]]$num	
			
		info<-data.frame(scan=numscan:length(sample[[5]]),timeofscan=0)	
		for(numscan	in	1:c(length(sample[[5]])-numscan+1)){		
				if(length(strsplit(try(sample[[5]][[numscan]][[6]],	silent=T),"Error")[[1]])!=2){	
						info$timeofscan[numscan]<-sample[[5]][[numscan]][[6]]	
						info[numscan,2]<-as.numeric(strsplit(strsplit(info[numscan,2],split="S")[[1]][1],split="PT")[[1]][2])	
						#		info$basePeakMz[numscan]<-
sprintf("%.5f",sample$scan[[i]]$mass[which.max(sample$scan[[numscan]]$mass)])	
						#		info$basePeakIntensity[numscan]<-
as.numeric(sprintf("%.0f",max(sample$scan[[numscan]]$peaks)))	
				}	
		}	
		info$timeofscan<-as.numeric(info$timeofscan)	
			
		numscan<-sample$scan[[1]]$num	
		for(numscan	in	1:c(length(sample[[5]])-numscan+1)){		
				if(length(strsplit(try(sample[[5]][[numscan]][[6]],	silent=T),"Error")[[1]])!=2){	
						info$mslevel[numscan]<-(sample[[5]][[numscan]][[5]])	
						info$numofpeaks[numscan]<-length(sample[[5]][[numscan]][[1]])	
						info$CE[numscan]<-strsplit(strsplit(sample$scan[[numscan]]$scanAttr,	"collisionEnergy=[\"]")[[1]][2],	
"[\"]")[[1]][1]	
				}	
		}	
		info$precursor<-NA	
		info$precursorIntensity<-NA	
			
		i<-1	
		for(i	in	1:length(info[,1])){	
				if(length(strsplit(try(sample[[5]][[numscan]][[6]],	silent=T),"Error")[[1]])!=2){	
						if(info$mslevel[i]!=1){	
								info$precursor[i]<-as.numeric(strsplit(strsplit(sample$scan[[i]]$precursorMz,"	
</precursorMz>\n")[[1]][1],">			")[[1]][2])	
								info$precursorIntensity[i]<-as.numeric(strsplit(sample$scan[[i]]$precursorMz,"[\"]")[[1]][2])	
						}	
				}	
		}	
		sprintf("Done")	
			
		info<-info[info$timeofscan!=0,]	
		return(info)	
}	
	
#'Removes	selected	full	scans	from	a	mzXML	list	object	
#'	
#'Takes	as	input	an	object	which	was	created	by	read.mzXML	function		
#'and	returns	an	object	without	selected	scans	passed	in	scansORtime	argument.	
#'In	case	time	is	set	to	TRUE	then	scanORtime	should	be	a	vector	of	two	elements	containing	
#'retention	time	in	minutes.	The	selected	full	scans	with	retention	time	within	this	interval	will	
#'be	deleted	from	the	mzXML	list.	
#'@param	mzXML	file	produced	from	read.mzXML	function	
#'@param	scansORtime	Selected	scans	(or	scans	with	retention	time	if	time=TRUE)	to	be	removed	
#'@param	time	Logical	value	TRUE	or	FALSE	
#'@return	a	mzXML	list	without	selected	full	scans	
#'@author	Nikiforos	Alygizakis	<nalygizakis@chem.uoa.gr>	
#'@export	
removescans<-function(mzXML=blank_HILIC,scansORtime=c(17,25),time=TRUE){	
			
		if(scansORtime[2]=="end"	&	time==FALSE)	scansORtime[2]<-max(getinfo(mzXML)$scan)	
		if(scansORtime[2]=="end"	&	time==TRUE)	scansORtime[2]<-max(getinfo(mzXML)$timeofscan)/60	
		if(scansORtime[1]=="beginning"	&	time==FALSE)	scansORtime[1]<-min(getinfo(mzXML)$scan)	
		if(scansORtime[1]=="beginning"	&	time==TRUE)	scansORtime[1]<-min(getinfo(mzXML)$timeofscan)/60	
		scansORtime<-as.numeric(scansORtime)	
		scansORtime2<-scansORtime	
			
		info<-getinfo(mzXML)	
		k<-which.min(abs(info$timeofscan-scansORtime[2]*60))	
		if(info$mslevel[which.min(abs(info$timeofscan-scansORtime[2]*60))]!=1	&	k!=length(info[,1])){	
				while(info$mslevel[k]!=1)	{	
						k	<-	k+1		
						scansORtime[2]<-info$timeofscan[k]/60	
				}	
				k<-k-1	
				cat("Ending	point	was	set	at",	paste(round(c(info$timeofscan[k]/60),4)),	"because	given	ending	
retention	time",	scansORtime2[2]	,"corresponds	to	scan	at	MS2	level","\n")	
		}	
			
			
		u<-which.min(abs(info$timeofscan-scansORtime[1]*60))	
		if(info$mslevel[which.min(abs(info$timeofscan-scansORtime[1]*60))]!=1){	
				info<-getinfo(mzXML)	
				while(info$mslevel[u]!=1)	{	
						u	<-	u-1		
						scansORtime[1]<-info$timeofscan[u]/60	
				}	
				u<-u-1	
				cat("Beginning	point	was	set	at",	paste(round(c(info$timeofscan[u]/60),4)),	"because	given	ending	
retention	time",	scansORtime2[1]	,"corresponds	to	scan	at	MS2	level","\n")	
		}	
			
		if(!is.na(info$mslevel[which.min(abs(info$timeofscan-scansORtime[2]*60))+1]!=1)){	
				if(info$mslevel[which.min(abs(info$timeofscan-scansORtime[2]*60))]==1	&	
info$mslevel[which.min(abs(info$timeofscan-scansORtime[2]*60))+1]!=1)	k<-
which.min(abs(info$timeofscan-scansORtime[2]*60))-1	
		}	
		if(!is.na(info$mslevel[which.min(abs(info$timeofscan-scansORtime[1]*60))+1]!=1)){	
				if(info$mslevel[which.min(abs(info$timeofscan-scansORtime[1]*60))]==1	&	
info$mslevel[which.min(abs(info$timeofscan-scansORtime[1]*60))+1]!=1)	u<-
which.min(abs(info$timeofscan-scansORtime[1]*60))-1	
		}	
			
			
		if(time==TRUE){	
				info<-getinfo(mzXML)[u:k,]	
				stayordelete<-c(rep(TRUE,length(mzXML[[5]])))	
				stayordelete[info$scan]<-FALSE	
		}	else	{	
				stayordelete<-c(rep(TRUE,length(mzXML[[5]])))	
				stayordelete[scansORtime]<-FALSE	
		}	
			
		new_sample<-list()	
		new_sample<-mzXML[1:4]	
		new_sample$scan<-mzXML[[5]][c(stayordelete)]	
		attr(new_sample,	"class")	=	"mzXML"	
			
			
		i<-1	
		for(i	in	1:length(new_sample$scan))	new_sample[[5]][[i]]$num<-i	
			
		return(new_sample)	
}	
	
#'Removes	all	MSn	scan	events	from	a	mzXML	list	
#'	
#'Takes	as	input	an	object	which	was	created	by	read.mzXML	function		
#'and	returns	an	object	without	the	MSn	scans.	
#'@param	sample	mzXML	list	object	
#'@return	sample	mzXML	list	object	without	MS/MS	spectra	
#'@author	Nikiforos	Alygizakis	<nalygizakis@chem.uoa.gr>	
#'@export		
removeMSn<-function(sample){	
			
		i<-1;	removescanevents<-c();	
		for(i	in	1:length(sample$scan))	removescanevents[i]<-sample$scan[i][[1]]$msLevel	
			
		removescanevents2<-c();	i<-1;	
		for(i	in	1:length(removescanevents))		if(removescanevents[i]!=1)	removescanevents2[i]<-i	
			
			
		new_sample<-list()	
		new_sample<-sample[1:4]	
		new_sample$scan<-sample[[5]][-removescanevents2[!is.na(removescanevents2)]]	
			
		attr(new_sample,	"class")	=	"mzXML"	
			
		i<-1	
		for(i	in	1:length(new_sample$scan))	new_sample[[5]][[i]]$num<-i	
			
		return(new_sample)	
}	
	
